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INTRODUCTION
Bibliometrics enables researchers to explore the impact of a specific field. In a certain sense, it is a citation index that is now widely accepted as a measurement of recognition, although it is not a measurement of quality or importance. 1 Journal Citation Reports (JCR) provides a systematic and objective means of evaluating the leading global journals critically, with quantifiable, statistical information based on citation data. 2 The Web of Science, an intelligent research platform, has access to the world's leading citation databases, making cited reference searching possible. 3 Recently, numerous citation analyses and top-cited articles have become available in various specialties, such as dermatology, 4 general surgery, 5 anesthetics, 6 plastic surgery, 7 urology, 8 neurosurgery, 9 rehabilitation, 10 ophthalmology, 11 orthopedic surgery, 12 and endodontics. 13 In the past 4 years, more analogous articles have been found in the Science Citation Index. In total, two top-cited articles were published in dentistry. The one in the field of periodontology was published in Journal of Clinical Periodontology 14 in 2007, and the other was published in Journal of Endodontics 13 in 2011.
Today, an increasing number of studies on bibliometrics or citation analysis in orthodontics are being conducted. [15] [16] [17] [18] [19] However, no analogous study in the field of orthodontics has appeared domestically and overseas. The purpose of the present study was to identify the 100 top-cited articles published in professional orthodontics journals and analyze their characteristics. The expectation was to provide some references for future studies and clinical practices by categorizing types of studies and grading evidence levels of the articles.
MATERIALS AND METHODS
In early November 2011, we identified the 100 topcited articles (Table 1 ) published in professional orthodontics journals since 1975 by the Web of Science. In the 2011 Science Citation Index, 79 journals were listed under the subject category ''Dentistry, Oral Surgery & Medicine,'' and six professional journals in orthodontics were found. However, three of the professional orthodontics journals were excluded because they did not contribute to the list of top-cited articles. The impact factors of the remaining three professional orthodontics journals were collected from the 2011 JCR. Then, all articles in each given journal were ranked by the number of citations listed on the Web of Science. The 100 top-cited articles were identified among 13,135 articles published in the three major specialized orthodontics journals. The full texts were mainly selected by PubMed, the online Angle Orthodontist, and ScienceDirect. In addition, other methods were used to search for the articles were not found in the aforementioned databases, for example, interlibrary lending and requests for help on the PubMed.cn website (http://paper.pubmed.cn/).
After they were retrieved from the three orthodontics journals, the 100 top-cited articles were incorporated into an Excel spreadsheet. From the Web of Science, basic information concerning country of origin (based on the first author), institution, year of publication, publication name, and citations of the target articles was collected using the analyze tool. Then, a further study on authorship, article type, field of study, study design, and level of evidence was performed.
According to the method of Anastasia Fardi, 13 the types of articles were classified as basic science, clinical research, and review. A clinical study, in contrast to a theoretical or basic science article, is one that pertains to or founded on the observation and treatment of participants. 20 It is generally designed to prevent, treat or cure disease by means of drugs, devices or interventions. It includes systematic review, meta-analysis, randomized controlled trial (RCT), cohort study, casecontrol study, cross-sectional study, case series, case report, and expert opinion. A basic science article is one dedicated to basic science/biomechanics, basic science/ animal research, or basic science/in vitro study. In order to describe the fields of the studies, two of us read the full text on the list and summarized respectively. Then the summary sheet was completed by discussion. Level of evidence was evaluated by the Sackett initial and updated rules of evidence, as described by the Oxford Centre for Evidence-Based Medicine in 2009. 21 To determine the level of evidence for an article, the first step was to define its study design following the design tree. 22 The study whose type can be worked by the study designs above is clinical. The next step was to ascertain the classification of these clinical studies (therapy/ prevention, etiology/harm; prognosis; diagnosis; differential diagnosis/symptom prevalence; economic and decision analyses). Next, the level of evidence (level I to V) of clinical articles was graded. The material (article type, field of study, study design, and level of evidence) was collected and classified by two investigators. The data were discussed until a consensus was reached.
RESULTS

Journals and Publication Dates of the Top-Cited articles in Orthodontics
The 100 top-cited articles were published in three journals: 74 were from the American Journal of Orthodontics and Dentofacial Orthopedics, 15 were from The Angle Orthodontist, and 11 were from the European Journal of Orthodontics. Journal title, impact factor, number of citations, and number of articles are listed in Table 2A .
The 100 top-cited articles in orthodontics were published from 1975 to 2006. The greatest number of top-cited articles (n 5 8) were published in 1976, and seven top-cited articles were published in 1981, 1987, and 1998 each (Table 2B ). Articles on the list were divided into three periods, 1975 to 1984 (n 5 47), 1985 to 1994 (n 5 40), and after 1995 (n 5 13). Ninety-three percent of the articles were published before 2000, and only one target article was published after 2005.
Authors of the Top-Cited Articles in Orthodontics
Authors contributing two or more articles to the list are listed in Table 3 . The number of authors of the top-cited articles ranged from 1 to 10, and the most common figures were 1 to 3. According to data statistics, 29 articles had one author, followed by 24 articles with two authors, and 23 articles with three authors. The most frequent first authors of the top-cited articles in orthodontics were J. A. McNamara Jr (n 5 4) and R. M. Little (n 5 4), both of whom accounted for five articles on the list. Furthermore, W. E. Roberts, H. Pancherz, and A. A. Lowe were each listed as the first author for three articles.
Countries and Institutions of Origin
According to their countries of origin (based on the first author), more than half of the articles were generated in the United States (n 5 53), which led the list (Table 4A ). Sweden (n 5 10) was the second most productive country, followed by Japan (n 5 8) and Norway (n 5 7). Canada and Denmark each contributed five articles to the list, and England provided four articles. The 23 leading institutions that provided two or more top-cited articles in orthodontics are listed in Table 4B . The University of Michigan in the United States produced the largest number of orthodontics articles (n 5 8), followed by the University of Washington (n 5 7), the University of Oslo (n 5 6), and the University of Texas (n 5 5).
Type of Articles and Field of Study
Among the 100 top-cited articles in orthodontics, the overwhelming majority (n 5 63) reported clinical experience; 30 articles concerned basic science research and 7 were review articles ( Table 5 ). In the 100 top-cited orthodontics articles, the term ''implant'' appeared most frequently. Next in the ranking were studies in ''biomechanics and biology'' and ''airway resistance,'' followed by ''orthodontic appliance, functional, Class II correction'' and ''temporomandibular joint/temporomandibular disorders.''
Design of Study and Level of Evidence of the Top-Cited Articles in Orthodontics
The study design of 63 clinical articles among the 100 top-cited orthodontics articles is shown in Table 6 . A large number of articles had a case series design 5 22) , and the next most common design was cross-sectional study (n 5 14). In addition, eight articles were cohort studies, and only three articles described RCTs.
According to the study designs, the levels of evidence of 63 clinical articles are presented in Table 7 . Most articles were classified as level IV (n 5 40) or level V (n 5 12) evidence.
DISCUSSION
The period from the 1940s through the 1970s, witnessed significant achievements, developments, and scientific progress in the orthodontics field. The present study, however, only included articles from the Web of Knowledge Database that dated after 1975. So an interesting future study in top-cited orthodontics articles might include articles dating back to 1945, which has already been done for general surgery 5 and anesthetics 6 articles.
Initially, six journals in orthodontics were selected in the 2011 Science Citation Index, three of which, the Australian Orthodontics Journal, the Korean Journal of Orthodontics, and the Journal of Orofacial Orthodontics Fortschritte der Kieferorthopadie were finally excluded because there is not a top-cited article published in any of them. The three excluded journals contained 104, 191, and 141 articles, respectively, from 1975 to 2011. The maximum citations of the articles published in them merely reached 7, 20, and 11. The target articles were retrieved from three journals: American Journal of Orthodontics and Dentofacial Orthopedics (n 5 74), The Angle Orthodontist (n 5 15), and the European Journal of Orthodontics Roberts WE  3  3  0  5  Pancherz H  3  3  0  6  Lowe AA  3  3  0  7  Shaw WC  3  2  1  8  Artun J  3  2  1  9  Riedel RA  3  0  3  10  Fleetham JA  3  0  3  11  Epker BN  3  0  3  12  Schendel SA  2  2  0  13  Ogaard B  2  2  0  14  Marshall KJ  2  2  0  15  Frost HM  2  2  0  16  Ericson S  2  2  0  17  Burstone CJ  2  2  0  18  Bishara SE  2  2  0  19  Andreasen JO  2  2  0  20  Sinclair PM  2  1  1  21  Nanda RS  2  1  1  22  Linge L  2  1  1  23  Westesson PL  2  0  2  24  Tallents RH  2  0  2  25  Schwartz O  2  0  2  26  Saito S  2  0  2  27  Paulsen HU  2  0  2  28  Kurol J  2  0  2  29  Bookstein FL  2  0  2  30 Yu Z 2 0 2 (n 5 11). In 2010, Shimada 23 reported that RCT trials on orthodontics practice in PubMed were published in four orthodontic journals, and the leading journals were American Journal of Orthodontics and Dentofacial Orthopedics and The Angle Orthodontist. Although measures were taken to search the full texts of articles on the list, two were not available. One was published in the American Journal of Orthodontics and Dentofacial Orthopedics in 1981, and the other in the European Journal of Orthodontics in 1983. Callaham et al. 24 found that the impact factor of the original publishing journal was the widely effective predictor of citations each year, rather than the methodology or quality of the research. However, as shown in this present study (Table 2) , the actual citation of the individual article did not positively related to the impact factor of the journal. Generally, as shown in the results, the 100 top-cited articles in orthodontics were older articles, and only one target article was published after 2005. It has been reported that scientific articles begin to be cited 1 or 2 years after publication, and reach a maximum citation rate 7 to 10 years later after publication. 25 An interval of 10 years to 20 years is needed for maximal recognition of prominent articles in a field. [26] [27] [28] This may explain why recent articles were cited rarely and appeared scarcely on the list. States  53  2  Sweden  10  3  Japan  8  4  Norway  7  5  Canada  5  6  Denmark  5  7  England  4  8  Finland  2  9 Wales 2 University of Iowa 2 20
University of Lund 2 21
University of Oklahoma 2 22
University of Rochester 2 23
University of Toronto 2 Among the 100 top-cited articles in orthodontics, the most common design was case series (n 5 22), followed by cross-sectional study (n 5 14) ( Table 6) , indicating that descriptive studies occur most frequently in orthodontics. This might indicated the relative ease of performing simpler study designs in orthodontics. A 2011 study by Pandis et al. 29 on articles published in six major clinical dental specialized journals indicated that the dominant design was cross-sectional study. It is recognized that different study design could correspond to different levels of evidence. In the hierarchy of research study designs, systematic reviews, metaanalyses, and RCTs provide the highest quality of evidence, and the lowest grade is applied to case reports and expert opinions. The goal of rating study designs and levels of evidence is to indicate the best available evidence for use in patient care. Actually, the conclusions of descriptive studies can be effectively applied to patient care, although they represent a lower level of evidence (level IV or level V). There was a paucity of articles with high-level evidence in orthodontics. The target articles mainly focused on therapy, and there were no economic studies. However, economic studies are of considerable value because they play a significant role in clinical decision-making.
Among the target articles, there were only 3 RCTs, although RCTs are considered to provide the highestquality evidence for most clinical or interventional questions. Moreover, few RCTs were found among the top medical articles; for example, there were 14 RCTs in urology 8 , 9 in rehabilitation 10 , and 0 in orthopedics 12 and endodontology 13 . There are several possible explanations for the lack of RCTs in orthodontics. First, RCTs are expensive and time consuming to perform. Second, it is difficult to gather large sample and control groups. 30 Third, it may be that few years had passed since the publication of the RCTs, so they had not yet reached a significant number of citations. Therefore, it is important for more journals to assess the evidence levels of articles and choose those that provide good evidence, which are most helpful to readers. Furthermore, future studies with a higher level of evidence, if appropriate, may deserve to pursue.
Although we spared no effort to eliminate potential defects in this citation analysis, some limitations related to its inherent problems were inevitable. First and foremost, this survey was restricted to journals with the word ''orthodontics'' or ''orthodontist'' in their titles. In other words, some significant orthodontics articles published in other dentistry journals were excluded, and it is possible that these were good-quality articles with a high number of citations. For example, an article about the use of palatal implants for orthodontic anchorage design and clinical application of the orthosystem published by Wehrbein et al. in Clinical Oral Implant Research 31 was cited more times (103) than the minimum number of citations (89) in our the list. In addition, a 2003 article on the use of small titanium screws for orthodontic anchorage, published in the Journal of Dental Research, 32 was cited 101 times. Second, in the present study, we searched the material only via the Internet, ignoring articles published only in print from the limited material in our library. Without accessing resources available both in print and online, some information will potentially be lost. 33 In addition, a number of high-quality articles were published before 1975. Third, time can have a number of effects on the citation ranking of articles. Consequently, the dominant articles in the list could be old studies, whereas some high-quality, innovative, and meaningful articles published in the recent years would be undervalued. In fact, the older articles with a high number of citations are of value in their field. Some of the top-cited articles, for example, may be submitted to organizational reading lists. And most persons in study clubs and journal clubs and students of all ages have been reading the older classical articles year after year. However, there are some good-quality articles among the recent publications, and they deserve more attention. Therefore, it is necessary to evaluate the quality of the new articles, for example, assessing an article by grading its level of evidence. Fourth, lack of correction for selfcitations by a journal or an author was a great challenge for the citation analysis. Despite these obvious defects, the data presented here provide insight into the achievement and development of orthodontics research over the past decades.
CONCLUSIONS
N To the best of our knowledge, this is the first study of the 100 top-cited articles in the field of orthodontics. N The 100 top-cited articles in orthodontics are generally older articles; 95% were published more than 10 years ago. N The common study design of the top-cited orthodontics articles is descriptive study. N Articles using high-level evidence rarely appear in the 100 top-cited articles in orthodontics.
